Introduction: Deep sternal wound infections (DSWIs) are rare but devastating complication after median sternotomy following cardiac surgery. Especially in the presence of artificial material or inadequate preliminary muscle flaps, the pedicled omentum flap is due to its immunological properties, the predetermined flap in salvage procedures. Methods: We treated 14 patients suffering a mediastinitis and open thorax using a pedicled omentoplasty as a salvage procedure because of persisting DSWIs. Omentoplasty was performed in combination with a split skin graft and the wound was closed by a vacuum-assisted therapy for 7 days. The patients' sex and comorbid risk factors supporting DSWIs as well as the postoperative complications were recorded. Results: Retrospective analysis of 14 patients (10 males and four females) after a follow-up time of 24 months was performed. The average age was 75 years (range: 67-83). Heart surgery took place electively in eight cases, in three cases urgently and three for emergency reasons. The preoperative Euro Score was 16 (range 3.51-42.58). We had no flap loss in any patients. The skin graft showed a full take in all patients. Two patients needed revision of an abdominal wound dehiscence after laparotomy and one patient developed hernia in the late outcome. Discussion: The greater omentum flap has, over many years, become an ideal partner in the coverage and treatment of DSWIs. Especially due to its immunologic capacity and amorphous structure, it has the ability to fill up cavities and cover infected artificial material so residual infections can be controlled.
Introduction
With an incidence rate of 0.5%-4% and mortality up to 50%, deep sternal wound infections (DSWIs) are a rare but devastating complication after median sternotomy following cardiac surgery. 1, 2 Due to infection and compromised perfusion of the sternum, the bone weakens, K-wires get ripped out of the bone by the permanent motion of the two sternum halves and an open thorax results. Furthermore, these infections may lead up to a fulminant mediastinitis. Immediate radical debridement, removal of artificial material and coverage by muscle flaps are the standard treatment. However, in some cases the infection persists in the anterior mediastinum and severe healing disorders set in. In case that artificial material, for instance, drive lines of left ventricular heart assist device or infected aortic prosthesis, cannot be removed, the local biofilm raises the risk for the persistence of the infection immensely. In these cases, immediate revision of the wound needs to be performed and the cavity should be filled with a pedicled omentum flap.
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The greater omentum is a very potent tissue in wound healing. A good vascularization pattern and the immunological properties of the greater omentum flap build the basis of its capacity of cellular proliferation and repair function. By transporting the greater omentum flap into the deep sternal defect, the infection can be controlled and simultaneously covered.
This paper presents our experience in managing DSWIs after median sternotomy because of cardiac intervention using a pedicled greater omentum flap as a salvage procedure.
Methods
From May 2012 until August 2016, we treated 14 patients suffering from a mediastinitis and open thorax using a pedicled omentum plastic as a salvage procedure because of persisting DSWIs.
The patients' sex and comorbid risk factors supporting DSWIs were recorded. Duration of the DSWIs and its delay to the primary cardiac intervention, as well as the interval to debridement and reconstruction of the thoracic wall by a pedicled omentoplasty was recorded. Omentoplasty was majorly performed in combination with a split skin graft and the wound was closed by a vacuum-assisted therapy (VAT) for 7 days. This retrospective analysis has been approved by the local ethics committee.
surgical technique
In all patients, a radical debridement of the infected and necrotic soft tissue and bone material was carried out until a well-perfused and vascularized tissue had been exposed. Therefore, partial to total resection of the sternum had to be performed. Free-lying artificial material was macroscopically exempted from any adhesive tissue and a water-jet lavage of 5 L of Ringer's lactate solution was carried out. The wound was then packed with abdominal bandages containing octenisept solution and covered up by a foil dressing. After midline incision from the upper to middle part of the abdomen, the greater omentum was divided from the colon transversum opening up the bursa omentalis. Preparation of the left and right gastroepiploic arteries follows. In general, the right artery has a larger diameter and higher flow, so the right flap is normally pedicled. Harvesting the flap by dissecting the greater omentum from the great curvature of the stomach, pedicled by the right gastroepiploic artery, the perfusion is secured by the arc of Barkow. After making an incision in the medial-frontal part of the diaphragm, the flap can be transferred to the sternal defect in the anterior mediastinum. Care has to be taken not to twist the pedicle.
Here the flap will, due to its amorphous structure, fill the cavity and can be laid around any type of artificial structure or prosthesis. The omentum will be covered with a split graft or a muscle flap. Also, the direct skin closure is a standardized technique. Two Robinson drains were placed in the peritoneal cavity prior to closure.
A stabilization of the remaining parts of the sternum or rib-ends has in no case been performed.
ethics
The study has been approved by the Ethical Committee at the Medical Faculty, Leipzig University.
The study data and information as well as the pictures of the case report are fully anonymous, therefore, the ethical committee of University of Leipzig required no specific patient consent statement. Regarding the case report, the patient gave written informed consent to allow publication of case report details and the accompanying pictures.
Results
Retrospective analysis of 14 (10 male and 4 female) patients after a follow-up time of 24 months was performed. The average age was 75 years (range: 67-83 years). Risk factors for DSWIs were similar to those reported by others (Table 1) . 3 Heart surgery took place electively in eight cases, in three cases urgently and three for emergency reasons. The preoperative Euro Score was 16 (range: 3.51-42.58).
Omentum coverage was performed 60 days (range: 18-136 days) after initial cardiac surgery. Surgery for valvular disease alone or in combination with coronary surgery was performed in eight patients, and five patients received an aortic bow replacement including replacement of the aortic valve. One patient received an external heart device and two patients multiple valve replacement ( Table 2) . Postoperatively, two patients needed reanimation; two patients were treated with an extracorporeal membrane oxygenation in case of acute lung failure. Arrhythmia was seen postoperatively in nine patients, six patients needed hemodialysis and five patients thorax revision because of bleeding. Postoperatively, ventilation failure appeared in 11 cases, and six patients needed a tracheostomy and extended ventilation. All patients showed persistent purulent secretion and wound dehiscence and ended up with mediastinitis and an open thorax. The width between the two sternum halves averaged 5.6 cm. All patients demonstrated not only local, but additional symptomatic infections. Leukocytosis .10,000/µL and fever .38°C were observed in all patients. However, following the initial debridement, there was a spontaneous regression to a marginal normal level of the leukocytes. This has been attributed to the infectious potential of the prosthesis.
We had no flap loss in any patients. The skin graft showed a full take in all patients. The mediastinitis came to a stop immediately represented by a decline of the local and systemic inflammation parameters up to normal values. Two patients needed a revision of an abdominal wound dehiscence after laparotomy. One patient developed a hernia in the late outcome.
Nine patients died, averaging 98 days after cardiac surgery (min 44 days, max 176 days). Hospital mortality was 21% (three patients). In two patients, death was due to multiple organ dysfunction syndrome (MODS), and in seven patients due to cardiovascular failure. There were no signs of late complications related to mediastinitis or the omentum flap.
Case report
We present the case of a 76-year-old female patient suffering from a DSWI with an open thorax following implantation of an aortic valve, an aortic arch replacement (Gore-Tex) as well as a triple aortocoronary bypass. After radical debridement of the sternal bone and soft tissue, the mediastinitis was under control, and coverage of the 22×6.5 cm measuring wound was achieved by a pedicled latissimus dorsi flap. Due to the superinfected Gore-Tex aortic arch prostheses, local and systemic inflammation returned and the wound had to be revised. Because of the impossibility of replacing the aortic prosthesis, we indicated a renewed local debridement.
After reopening of the wound, pus was observed under the flap and floating all around the prosthesis. We took a representative sample of the purulent material ( Figure 1A ) and performed a radical debridement with a scalpel as well as a jet lavage. Afterward, the situs was found to be macroscopically clean ( Figure 1B and C). We performed an upper midline incision of the abdomen and divided the greater omentum from the colon transversum. The arborizing arteries deriving from the left gastroepiploic artery assure the perfusion of the flap ( Figure 1D ). Through a created tunnel in the diaphragm, the pedicled omentum could be shoved into the anterior mediastinum, be wrapped around the prosthesis and fill the dead space of the cavity. The preexisting latissimus dorsi flap was taken to secure a permanent wound closure ( Figure 1E and F) . Hereby, the immunologically active tissue could suppress the inflammation caused by the prosthesis, and the wound healing could be finished. Three weeks after the operation, the wound appeared clean without local signs of infection and the formerly exiting leukocytosis decreased to a physiological level ( Figure 1G ).
Discussion
DSWIs following cardiac and thoracic surgery are rare but devastating defects. The risk factors leading to these woundhealing problems are numerous. Patient-derived risk factors are influenced by increasing age .68 years, male sex, obesity and smoking as well as the surgery-associated risk factors; duration of surgery, necessity of reoperation or re-wiring as well as the utilization of both internal mammary arteries as bypass grafts have a great impact on the outcome in this multimorbid population. 3 A wide spectrum of wound-healing programs for postoperative mediastinitis exist. 4 The desired main goal is control of the infection, stability of the thorax wall as well as immediate sufficient soft tissue coverage. 5 Open granulation wound healing has, due to its complication and long-lasting period until the wound is finally closed, been abandoned long ago. 6 Long-lasting irrigation and drainage following debridement were producing too many complications and did not have the desired effects either. 7, 8 Substernal channels and exposed parts of the sternum were consectaneous. In the late 1990s, long-time VAT concepts were hoped to avoid edema, dispatch fluid from the wound, create a granulation tissue and prevent the sharp edges of the sternum from penetrating the ventricle. 9 DSWI is defined as a bone-related infection, which needs a radical debridement. 10, 11 Therefore, VAT can only be a good bridge to prepare the situs for plastic reconstruction. Some authors suggest a survival benefit for patients, who have been treated with VAT. 12, 13 This might be the reason for this method being implemented in many heart centers to bridge the interval from debridement to the final wound closure.
The importance of radical debridement and coverage using pedicled muscle flaps was introduced by Jurkiewicz in 1980.
14 Hereby the post-sternotomy incidence of medistinits could be reduced to 8%-15%. [15] [16] [17] Pedicled or free myocutanious flaps as well as the use of the pedicled greater omentum are possible options. 5, 18 Nowadays, coverage by a muscle flap is still the gold standard. The simple way of rising the muscle flap, as well as the low donor-side morbidity are the reasons for preference of the muscle flap. However, defect coverage in DSWIs using a muscle flap can, in case of persistent or recurrent infection as well as remaining potentially infected artificial material, be insufficient. Re-inflammation, segregation of pus and urgent revision will follow. The following attempt to cover the defect by the already existing flap will become more difficult. Reason for that is the fact that muscle flaps will lose their flexibility soon after its transplantation and transform to a firm scarlike structure. In that sense a muscle flap will bring a strong stability to the thorax wall in case of revision it becomes more and more difficult to replace it in the defect zone. Therefore, a tissue is needed, which will be an active aggressor against remaining infection.
Due to its immunologic capacity and its anti-infection activity, the greater omentum was destined to play an integral role in this type of wound treatment. 19, 20 The use of the pedicled greater omentum for coverage in case of DSWIs was published in 1976 by Lee et al and is a well-established therapy option. 21 Size and the amorphous structure of the tissue allow a sufficient filling of cavities and dead spaces as well as total coverage of artificial material, for instance, drive lines from external heart assistance devices and GoreTex prosthesis, or even treatment of florid infection. 20, 22 In these cases, the use of the pedicled greater omentum has proved successful.
Opening up the abdomen next to a potentially infectious area has always been feared. Occurrence of superficial wound infection or insufficiencies of the abdominal suture are typically recorded complications. 23 Secondary hernia, at rates of up to 21%, is the most frequently reported donor-side morbidity. 24 Intraperitoneal abscess formations, gastric outlet and partial small bowl obstruction are unusual but can have a significant influence on the patient. 23 Along with the open preparation of the omentum by laparotomia of the abdomen, the laparoscopic approach is an established alternative. 25, 26 Application of the laparoscopic techniques has the potential to lower the donor-side morbidity by improved visualization, decreased length of the abdominal incision and a more rapid return of the bowl function. 27, 28 However, in some cases the laparoscopic approach can be contraindicated. Nevertheless, hemodynamic lability, severe pulmonary disease as well as limited ventilation of the lung or restricted cardiac output can, in this cardiologic high-risk population, be on top negatively influenced by an applied pneumoperitoneum. 23 Therefore, risk and value of a laparoscopic approach have to be taken into appropriate consideration and be adapted to the risk profile of the individual patient. The high survival rate following greater omentum transfer after DSWIs, published by Krabatsch and Hetzer as well as Yasuura et al, approves, in contempt of the multimorbidity in this population, the omentum as a reliable option in therapy. 7, 29 The latissimus dorsi flap is the regularly applied flap in the author's hospital for treatment of DSWIs. During the past 4 years, 219 patients have been treated successfully. Treatment consists of radical bone and soft tissue debridement and coverage using a latissimus dorsi as our preferred standard muscle flap. In all our patients, the omentum flap was performed as a salvage procedure following unsuccessful interventions as closed irrigation therapy, VAT or unsuccessful muscle flap. On behalf of superinfected artificial material, remaining and recurrent infection in this population, the greater omentum flap was utilized.
Patients with DSWIs are always in a life-threatening situation. Therefore, in this special subpopulation we did not restore the continuity of the bone chest wall. Knowing that the muscle flap gives a better stability to the thorax because of its change to a rigid scar-like structure, the goal of our approach was to bring the infection to an end quickly and cover the afflicted area, leading the patients out of their life-threatening situation. We performed the omentoplasty on average 60 days (range 18-136 days) after the first cardiac intervention. In all cases, we used a VAT for wound closure for a period of 7 days giving extra stability to the thorax, assuring liquid evacuation as well as a seroma prophylaxis. In one case the formerly used muscle flap was taken for skin closure, in the rest of the cases the omentum was split-grafted. There was no flap loss in any patients. The skin graft showed a full take in all patients. The mediastinitis came to a stop immediately. In all cases, omentoplasty led to a complete wound healing. In our population, two patients (body mass index .35) needed revision because of abdominal wound dehiscence after laparotomy. There were no adverse events related to the built communication of the mediastinum and the abdomen. No patient showed any signs of peritoneal infection. However, one patient developed a hernia deemed unworthy of treatment in the late outcome. Harvest of the omentum flap did not influence the gastric function.
The in-house mortality was in three patients (21%) rather high and underlines the findings from Kenzo who showed that hemodialysis and ventilation support at the time of omentoplasty is a negative predictor to in-house mortality. 29 Our population showed a ventilation failure in 11 out of 14 patients with an average ventilation time of 682 h (range 628 ). This demonstrated on the one hand the multimorbid state our population was in prior to the omentoplasty. On the other hand, it underlines that utilizing the omentum for coverage reason will gather control of the infection showing low signs of donor-side morbidity or wound healing.
Death in our population was not related to the omentum flap but to cardiovascular failure; one patient died due to sepsis and MODS. In all cases, the sternal wound had already healed. There was no recurrence of DSWI in our population. This demonstrates that omentoplasty leads to a complete wound healing despite the presence of potentially infected artificial material, a state we did not experience while utilizing muscle flaps. The reason for this is the immense immunologic capacity of the greater omentum. The direct contact and excellent perfusion of the omentum allows an improved local nutrition, filling of the dead space and penetration of antibiotics to surrounding tissue.
The omentum flap has, therefore, become indispensable in modern plastic surgery as it is able to cover the whole part of the sternum, fill out deep cavities and due to its immunologic capacity and anti-infection activity is predestinated for coverage and treatment.
In our opinion, the omentum flap is the most useful for salvage procedures. This is indicated not only by the severe cardiac risk and infectiousness, but, moreover, the multimorbid state the patient is in. The high mortality rate we experienced is, therefore, caused by the multimorbidity of the patient and is not a result of the omentoplasty itself. In case of severe infection of nonremovable artificial material, a muscle flap is an insufficient option. As a salvage procedure, omentoplasty is a reliable treatment procedure in this specific patient population.
Conclusion
The greater omentum flap has, over many years, become a reliable partner in the coverage and treatment of DSWIs.
Especially due to its immunologic capacity and amorphous structure, it has the ability to fill up cavities and cover infected artificial material so residual infections can be controlled.
Though the latissimus dorsi flap is in our hospital the first choice in DSWIs, the greater omentum flap leads to an eradication of infection and, therefore, has changed our plan of treatment in our clinic.
In case of remaining, potentially infected artificial material (drive lines, vascular prosthesis) or persisting infection especially after reconstruction of the valves, the patient will receive an additional radical debridement and a simultaneous coverage using a omentoplasty with a split graft + VAT for 7 days. In case of a preexisting muscle flap, it will be utilized for skin closure reason.
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